Using an intense transient terahertz electric field, we observe the appearance of even-order harmonics in silicon, normally forbidden in centrosymmetric crystals. Reducing the symmetry via transient dressing might lead to ultrafast symmetry control in crystals. 
Introduction
Traditional perturbative harmonic generation is well known to sensitively depend on crystal structure and symmetry. One important manifestation is the absence of second-harmonic generation in centrosymmetric media, such as bulk silicon [1] . Inducing second-order nonlinearities in silicon is of highest technological relevance for silicon photonics applications [1, 2] . This has been achieved by applying strain in silicon waveguides [3, 4] or applying electric fields [1] . Moreover, a terahertz (THz) pulse was used to induce perturbative second-harmonic generation in the inorganic ferroelectric thin film of (Ba 0.8 Sr 0.2 )TiO 3 , which was explained as a phenomenon of dynamical change of the ferroelectric order parameter [5] .
In nonperturbative high-order harmonic generation (HHG) from crystalline solids, symmetries also play a decisive role [6] . In this work, we propose to transiently control the symmetry of bulk silicon by an intense THz electric field. As striking evidence of transient symmetry reduction, we observe even-order harmonic generation in silicon originating from terahertz-dressing of the crystal. We demonstrate the flexibility of the proposed scheme by investigating different polarization configurations of the terahertz-dressing field. This approach paves the way for manipulating crystal symmetries on ultrafast time scales using intense THz fields. The scheme of the experimental setup is presented in Fig. 1 . A Ti:sapphire chirped-pulse amplifier (35 fs, 4 mJ, 3 kHz) is used to pump a home-built optical parametric amplifier (OPA). The signal and idler pulses generated by the OPA are centered at wavelengths of 1.55 m and 1.75 m, respectively [7] . By optical rectification of the signal pulses, THz pulses (centered at ~3 THz) are generated from a 0.6-mm thick DSTMS crystal (electric field waveform shown in the bottom of Fig. 2(a) ). After being combined on a pellicle beam splitter, the THz and idler pulses are focused onto a freestanding, (100)-cut, 1-m thick silicon crystal at normal incidence. The peak intensities of the THz and IR pulses are 5×10 7 W/cm 2 and 1.5×10 12 W/cm 2 , respectively. The generated harmonics are recorded by an Ocean Optics USB2000 spectrometer. A half-wave plate (HWP) is used to adjust the polarization direction of the infrared idler driving field. An 100-m thick GaP crystal can optionally be employed to characterize the THz electric field via electric-optical sampling (EOS). Fig. 2 shows high-harmonic spectra from silicon, with and without applied terahertz-dressing field. The timeresolved harmonic spectra (Fig. 2(a) ) clearly show the appearance of even-order harmonics at the extrema of the terahertz electric field, which is displayed in the bottom panel of Fig. 2(a) . This unambiguously demonstrates the possibility to transiently reduce the cubic symmetry of silicon, opening the door to manipulating the crystal symmetry on a sub-THz-cycle time scale. The breaking of the centrosymmetry can also be realized applying strain or DC electric fields. The experimental advantage of our terahertz-dressing scheme lies in the versatility in controlling the polarization state and direction of the perturbing terahertz field. Fig. 2(b) shows the importance of controlling the polarization direction of the THz-dressing field with respect to the IR driving field. For parallel polarizations, the intensity of the transiently induced even-order harmonics is ~3 times higher than for orthogonal polarizations, in agreement with our simulations performed within a time-dependent density functional theory (TDDFT) framework [8, 9] (not shown here). This level of control would not be possible with a custom-fabricated silicon platform, such as strained waveguides or MOS circuits.
Experimental setup

Results and discussions
Finally, we investigated the sample rotation dependence of induced even-order harmonics. In Fig. 3 , we observe a four-fold symmetry of the 2nd, 4th, and 6th harmonics, compatible with reducing the cubic symmetry of bare silicon to a tetragonal symmetry of dressed silicon. Our demonstrated transient terahertz-dressing scheme represents a general approach to reduce and control symmetries in crystals. More sophisticated control is possible by also employing elliptical or circular polarizations [9] of both the infrared driving and terahertz-dressing fields. Terahertz-dressing of crystals extends the toolbox for ultrafast manipulation of information for petahertz electronics and more generally for controlling nonperturbative light-matter interactions. 
